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SEMICONDUCTOR DEVICE INCLUDING TRANSISTOR WITH COMPOSITE 
GATE STRUCTURE AND TRANSISTOR WITH SINGLE GATE STRUCTURE , 
AND METHOD FOR MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention generally relates to a 
semiconductor device including a transistor with a 
5 composite gate structure and a transistor with a single 
gate structure, and to a method for manufacturing such a 
semiconductor device. More specifically, the present 
invention relates to a nonvolatile semiconductor memory 
device including a nonvolatile memory cell having a 

10 composite gate structure of a floating gate and a control 
gate, and a transistor having a single gate structure of 
only a control gate, and also a method for manufacturing 
such a nonvolatile semiconductor memory device. 
DESCRIPTION OF THE RELATED ART 

15 Among nonvolatile semiconductor memory devices 

in which information stored therein can not be erased 
even when power sources are turned OFF, the information 
can be electrically written into the respective memory 
cells of EPROMs (Electrically Programmable Read-Only 

20 Memories), whereas the information can be electrically 
written into the respective memory cells as well as can 
be electrically erased from each of these memory cells in 
EEPROMs (Electrically Erasable Programmable Read-Only 




Memories ) • 

In general, as a memory cell for such an EPROM 
and an EEPROM, a MOS transistor with a composite gate 
structure is employed. The composite gate structure is 
5 constituted by stacking a floating gate electrode and a 
control gate electrode which are made of polycrystalline 
silicon films with an insulating film interposed 
therebetween. On the other hand, as a gate electrode of 
a single gate structure of another MOS transistor other 

10 than the memory cell transistor formed in, for example, a 
peripheral circuit region, two layers of polycrystalline 
silicon films, which are made simultaneously with forming 
of the floating gate and the control gate of the memory 
cell transistor, are utilized so that the steps in 

15 manufacturing of the transistor can be simplified. Such 
a semiconductor memory device structure is disclosed in, 
for instance, JP-A-59-74677 , JP-A-7-183411, and JP-A-5- 
48046. 

In JP-A-59-74677 , the composite gate containing 
20 the floating gate and the control gate of the memory 
transistor, and the single gate structure of the 
peripheral transistor are both formed by three layers of 
a first polycrystalline silicon film, an insulating film, 
and a second polycrystalline silicon film, wherein in the 
25 peripheral transistor, the first polycrystalline silicon 
film is electrically connected via an opening fabricated 
in the insulating film to the second polycrystalline 
silicon film in an integral form, so as to provide a 
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silicon film into which phosphorous is doped at a low 
concentration, an interlayer insulating film, and a 
second polycrystalline silicon film into which 
phosphorous is doped at a high concentration. 
5 Generally speaking, as a method for introducing 

an impurity such as phosphorous into the first and second 
polycrystalline silicon films constituting the floating 
gate and the control gate, there are an ion injection 
method in which accelerated impurity ions are injected 

10 into the polycrystalline silicon films and an vapor phase 
diffusion method or thermal diffusion method, in which 
oxyphosphorus chloride is vapored in a furnace, so that 
phosphorous is diffused from the vapor phase into the 
polycrystalline silicon films. 

15 However, in the thermal diffusion method, since 

the impurity concentration is determined by the solid 
solution degree corresponding to the diffusion tempera- 
ture, it is difficult to introduce the impurity at a low 
concentration into the polycrystalline silicon film. 

20 When the impurity concentration of the first polycrystal- 
line silicon film of the memory cell transistor is 
increased, the boundary condition between the gate oxide 
film and the first polycrystalline silicon film is 
deteriorated, and the injection or extraction of 

25 electrons into or from the first polycrystalline silicon 
film of the floating gate can not be uniformly carried 
out, so that the memory cells fail to operate under 
stable condition. 
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On the other hand, in the ion injection method, 
it is difficult due to a breakage of the gate oxide film 
and/or occurrence of the crystal defects in the substrate 
to introduce the impurity into the first polycrystalline 
5 silicon film by an amount sufficient to lower its 

resistance. If the resistance of the first polycrystal- 
line silicon film is not sufficiently lowered, then the 
resistance of the gate electrode made of the first and 
second polycrystalline silicon films of the peripheral 

10 transistor becomes higher. Then, if the resistance of 
the gate electrode becomes higher, the first 
polycrystalline silicon film is subjected to depletion 
state when the voltage is applied to the gate electrode, 
so that the threshold voltage of the peripheral 

15 transistor becomes unstable. 

In a conventional nonvolatile semiconductor 
memory device in which both a memory cell transistor and 
another transistor other than the memory cell transistor 
have a two-layer polycrystalline silicon film gate 

20 structure, it is difficult to provide the polycrystalline 
silicon film of the under layer with an impurity 
concentration which satisfies the necessary condition of 
the memory cell transistor, as well as the condition 
required for the another transistor other than the memory 

25 cell transistor. 

Further, the memory device of JP-A-59-74677 has 
a problem that since the first and second polycrystalline 
silicon films constituting the gate electrode disposed at 




an active region in the region for forming peripheral 
transistors are connected with each other through the 
opening formed at a predetermined position in the 
insulating film interposed therebetween, the impurities, 
5 if contained at a high concentration in the second 

polycrystalline silicon film, may be diffused into the 
first polycrystalline silicon film through the opening 
thereby deteriorating the boundary condition between the 
gate oxide film and the first polycrystalline silicon 
10 film. 

SUMMARY OF THE INVENTION 

An object of the present invention is to 
provide such a semiconductor device containing a first 
transistor having a composite gate structure, and a 

15 second transistor having a single gate structure. In 
this semiconductor device, each of the composite gate 
structure and the single gate structure is fabricated by 
a lamination of a first polycrystalline silicon film and 
a second polycrystalline silicon film. Also, an impurity 

20 concentration of the first polycrystalline silicon film 
for constructing the above-described composite gate 
structure, and an impurity concentration of the first 
polycrystalline silicon film for constituting the single . 
gate structure can be controlled independently of each 

25 other. 

According to one aspect of the present 
invention, a semiconductor device comprises: a first 
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transistor having a composite gate structure, containing a 
lamination of a first polycrystalline silicon film, an 
interlayer insulating film, and a second polycrystalline 
silicon film; and a second transistor having a single 
5 gate structure containing a lamination of a third 

polycrystalline silicon film and a fourth polycrystalline 
silicon film, wherein said first polycrystalline silicon 
film and said third polycrystalline silicon film have 
substantially the same thickness; said second 

10 polycrystalline silicon film and said fourth polycrystal- 
line silicon film have substantially the same thickness; 
said first polycrystalline silicon film and said third 
polycrystalline silicon film have different impurity 
concentrations controlled independently of each other; 

15 and said second polycrystalline silicon film, said fourth 
polycrystalline silicon film, and said third polycrystal- 
line silicon film have substantially the same impurity 
concentration . 

In a preferred embodiment of the present 

20 invention, the impurity concentration of said first 

polycrystalline silicon film is lxlO 18 to IxlO 19 atoms/cm 3 , 
and the impurity concentration of said third polycrystal- 
line silicon film is lxlO 20 to lxlO 21 atoms/cm 3 . 

According to another aspect of the present 

25 invention, a semiconductor device comprises: a first 

transistor having a composite gate structure containing a 
lamination of a first conductive film, an insulating 
film, and a second conductive film? and a second 
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transistor having a single gate structure containing a 
third conductive film; wherein said second conductive 
film and said third conductive film have substantially 
the same conductivity; said third conductive film has a 
5 thickness substantially the same as a total of a 

thickness of said first conductive film and a thickness 
of said second conductive film, or a total of a thickness 
of said first conductive film, a thickness of said 
insulating film, and a thickness of said second 

10 conductive film; and said first conductive film has a 

conductivity different from any one of a conductivity of 
said second conductive film and that of said third 
conductive film. 

Furthermore, according to another aspect of the 

15 present invention, a semiconductor device comprises: a 
first transistor having a composite gate structure 
containing a lamination of a first conductive film, an 
insulating film formed on said first conductive film, and 
a second conductive film formed on said insulating film 

20 and having a conductivity different from that of said 
first conductive film; and a second transistor having a 
single gate structure containing a third conductive film 
having substantially the same conductivity as that of 
said second conductive film, and also having 

25 substantially the same thickness as a total of a film 
thickness of said first conductive film and a film 
thickness of said second conductive film, or a total of a 
thickness. of said first conductive film, a thickness of 




said insulating film,. and a thickness of said second 
conductive film. 

According to one aspect of the present 
invention, a method for manufacturing a semiconductor 
5 device including a first transistor having a composite 
gate structure and a second transistor having a single 
gate structure, comprises the steps of: forming a first 
insulating film on a surface of a first region of a 
semiconductor substrate and forming a second insulating 

10 film on a surface of a second region of the semiconductor 
substrate; forming a first polycrystalline silicon film 
over an entire surface of said semiconductor substrate; 
introducing an impurity at a first predetermined 
concentration into said first polycrystalline silicon 

15 film by ion injection; patterning said first polycrystal- 
line silicon film to a predetermined shape in said first 
region; forming a third insulating film containing at 
least a silicon nitride film on at least said first 
region except for said second region of said semi- 

20 conductor substrate; forming a second polycrystalline 

silicon film over an entire surface of said semiconductor 
substrate; introducing an impurity at a second predeter- 
mined concentration higher than said first concentration 
into said second polycrystalline silicon film by thermal- 

25 diffusion; patterning a lamination of said second 

polycrystalline silicon film, said third insulating film, 
and said first polycrystalline silicon film into a 
predetermined pattern in said first region to thereby 
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fabricate said composite gate structure of said first 
transistor; and patterning a lamination of said first 
polycrystalline silicon film and said second polycrystal- 
line silicon film into a predetermined pattern in said 
5 second region to thereby fabricate said single gate 
structure of said second transistor. 

Moreover, according to another aspect of the 
present invention , a method for manufacturing a 
semiconductor device including a first transistor having 

10 a composite gate structure and a second transistor having 
a single gate structure, comprises the steps of: forming 
a first insulating film on a surface of an active region 
disposed in a first region of a semiconductor substrate 
and a second insulating film on a surface of an active 

15 region disposed in a second region of the substrate; 

forming a first conductive film over an entire surface of 
said semiconductor substrate; introducing an impurity at 
a first predetermined concentration into said first 
conductive film by ion-injection; forming a third 

20 insulating film above said first conductive film at an 

area including at least said first region except for said 
second region, or an area including at least said first 
region and said active region of said second region 
except for an element isolation region of said second 

25 region; forming a conductive film over the entire surface 
of said semiconductor substrate; introducing an impurity 
at a predetermined second concentration higher than said 
first concentration into said second conductive film by 
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thermal diffusion; patterning a lamination of said second 
conductive film, said third insulating film, and said 
first conductive film into a predetermined pattern to 
thereby fabricate said composite gate structure of said 
5 first transistor in the active region of said first 
region; and patterning a lamination of said first 
conductive film and said second conductive film into a 
predetermined pattern to thereby fabricate said single 
gate structure of said second transistor in the active 
10 region of said second region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs- 1A to 1H are sectional views at the 

respective steps of a method for manufacturing a 

semiconductor device according to an embodiment of the 
15 present invention; 

Figs. 2A and 2B are sectional views of gate 

electrode portions of a memory cell transistor and a 

peripheral transistor in the semiconductor device of the 

present invention ; 
20 Figs. 3A and 3B are a sectional view and a plan 

view, of a peripheral transistor in a semiconductor 

device manufactured by a method according to a second 

embodiment of the present invention; and 

Fig. 4 shows a section of a peripheral 
25 transistor according to a third embodiment of the present 

invention . 



on , ■ on 



- 12 - 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to Figs, 1A through 1H, method 
for manufacturing an EEPROM (Electrically Erasable Read- 
Only Memory), according to a first embodiment of the 
5 present invention, will be described. In each of Fig. 1A 
to Fig. 1H, the left-sided portion represents a memory 
cell transistor formed in the memory cell region, whereas 
the right-sided portion shows a MOS transistor 
(peripheral transistor) fabricated in the peripheral 

10 circuit region. 

First, to manufacture the EEPROM according to 
the first embodiment, as illustrated in Fig. 1A, a field 
oxide film 2 having a thickness of an order of 500 nm is 
formed on a surface of a silicon substrate 1 by the LOCOS 

15 method to provide an element isolation region. Then, a 
tunnel oxide film 3 having a thickness of an order of 10 
to 12 nm is fabricated on the silicon substrate 1 at a 
memory cell region in an active region surrounded by the 
element isolation region made of the field oxide film 2 

20 by way of the thermal oxidation method. Thereafter, a 

gate oxide film 4 having a thickness of an order of 10 to 
40 nm is formed on the silicon substrate 1 at a 
peripheral circuit region in the active region surrounded 
by the field oxide film 2 by the thermal oxidation 

25 method. It should be noted that the tunnel oxide film 3 
and the gate oxide film 4 may be formed in a reversed 
order or at the same time. 

Next, as illustrated in Fig. IB, a 
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polycrystalline silicon film 5 having a substantially 
uniform thickness of an order of 150 nm is formed over 
the entire surface by the CVD method. 

Subsequently, as indicated in Fig. 1C, 
5 phosphorus is introduced by the ion injection method into 
the polycrystalline silicon film 5 at an impurity 
concentration of an order of IxlO 18 to IxlO 19 atoms/cm 3 . 
It is undesired that the impurity concentration in the 
polycrystalline silicon film 5 exceeds the above impurity 

10 concentration, because the boundary condition between the 
tunnel oxide film 3 and the polycrystalline silicon film 
5 in the memory cell region is deteriorated, so that 
electrons are no more uniformly injected into or 
extracted from the polycrystalline silicon film 5 serving 

15 as the floating gate. It should be noted that instead of 
phosphorous, arsenic ions may be injected. 

Next, as shown in Fig. 10, the polycrystalline 
silicon film 5 in the memory cell region is patterned to 
form a floating gate- 

20 Thereafter, as indicated in Fig. IE, an ONO 

film (silicon oxide film/silicon nitride film/silicon 
oxide film) 6 is formed over the entire surface by the 
CVD method, A thickness of each of the two silicon oxide 
film layers for constituting this ONO film 6 is in an 

25 order of 10 nm, a thickness of the silicon nitride film 
is in an order of 20 nm, and thus an overall thickness of 
the ONO film 6, as converted to an equivalent thickness 
of the oxide film, is in an order of 30 nm. 
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Then, as shown in Fig. IF, an etching treatment: 
is carried out, while using a photoresist (not shown) of 
a pattern covering the memory cell region as a mask, so 
as to remove wholly a portion of the 0N0 film 5 formed on 
5 the peripheral circuit region. 

Thereafter, as indicated in Fig. 1G, a poly- 
crystalline silicon film 7 having a uniform thickness of 
approximately 15.0 am is fabricated over the entire 
surface by the CVD method. 

10 Next, as illustrated in Fig. 1H, phosphorous is 

diffused into the polycrystalline silicon film 7 by way 
of the vapor phase diffusion method by performing the 
thermal treatment in a furnace in which oxyphosphorus 
chloride (P0C1 3 : phosphoryl trichloride) is vapored. This 

15 phosphorous vapor phase diffusion is carried out until 

the impurity concentration of the polycrystalline silicon 
film 7 becomes an order of IxlO 20 to IxlO 21 atom/cm 3 so 
that the impurity concentration of the polycrystalline 
silicon film 7 becomes at least 10 times that of the 

20 polycrystalline silicon film 5. It should be understood 
that instead of phosphorous, arsenic may be diffused. 

At this time, since the polycrystalline silicon 
film 5 is in contact with the polycrystalline silicon 
film 7 in the peripheral circuit region, phosphorous is 

25 also diffused from the polycrystalline silicon film 7 
into the polycrystalline silicon film 5, so that the 
impurity concentration of the polycrystalline silicon 
film 5 becomes approximately IxlO 20 to IxlO 21 atoms/cm 3 . 



on . 15 . ° n 

On the other hand, the 0N0 film 6 containing the silicon 
nitride film which has a low diffusion speed of 
phosphorous is interposed between the polycrystalline 
silicon films 5 and in the memory cell region. As a 
5 result, phosphorous does not diffuse through the 0N0 film 
6 into the polycrystalline silicon film 5 in the memory 
cell region. Accordingly, the impurity concentration of 
the polycrystalline silicon film 5 in the memory cell 
region remains at an order of lxlO 18 to IxlO 19 atoms /cm 3 . 

10 Subsequently, after photoresist (not shown) has 

been coated over the entire surface, this photoresist is 
patterned to a shape of a control gate 15 of the memory 
cell transistor 11 (see Fig. 2A) in the memory cell 
region, and also a shape of a gate electrode 16 of a 

15 peripheral transistor 12 (see Fig. 2B) in the peripheral 
circuit region. Then, by using the patterned photoresist 
as a mask, an anisotropic etching is carried out with 
respect to the polycrystalline silicon film 7, the ONO 
film 6, and the polycrystalline silicon film 5. As a 

20 result, a floating gate made of the polycrystalline 
silicon film 5, and a control gate made of the 
polycrystalline silicon film 7 are fabricated in the 
memory cell region, whereas a gate electrode of the 
peripheral transistor, which is made of the polycrystal- 

25 line silicon films 5 and 7, is formed in the peripheral 
circuit region. 

Thereafter, a step of forming impurity 
diffusion layers (not shown) serving as sources and 
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drains of the memory cell transistor 11 and the 
peripheral transistor 12, by ion-injection using the 
control gate and the gate electrode as a mask, and 
further a step of forming an interlayer insulating film 
(not shown) which covers the overall areas of the memory 
cell transistor 11 and the peripheral transistor 12 are 
carried out to thereby accomplish the EEPROM. 

As described above, in accordance with this 
first embodiment, phosphorous is introduced into the 
polycrystalline silicon film 5 at a relatively low 
concentration by way of the ion injection method and the 
0N0 film 6 is left at least on the polycrystalline 
silicon film 5 of the memory cell region- Therefore , 
when phosphorous is introduced at a relatively high 
concentration into the polycrystalline . silicon film 7 by 
way of the vapor phase diffusion method, the silicon 
nitride film of the 0N0 film 6 functions as a diffusion 
stopper of phosphorous. As a consequence, the impurity 
concentration of the polycrystalline silicon film 5 of 
the memory cell region can be maintained at a relatively 
low level, and further the impurity concentration of the 
polycrystalline silicon film 5 of the peripheral circuit 
region can be set to the relatively high level. 

In this embodiment, the polycrystalline silicon 
films 5, 7 forming the gate electrode of the peripheral 
transistor, and the polycrystalline silicon film 7 
forming the control gate of the memory transistor have 
substantially the same conductivity which is higher than 
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the conductivity of the polycrystalline silicon film 5 
forming the floating gate of the memory transistor. 
Also, since the polycrystalline silicon films 5 and 7 
have essentially uniform sectional areas, each of the 
5 polycrystalline silicon films 5, 7 forming the gate 
electrode of the peripheral transistor, and the 
polycrystalline silicon film 7 forming the control gate 
of the memory transistor have substantially the same 
resistance, 

10 As a consequence, the boundary between the 

tunnel oxide film 3 of the memory cell transistor 11 and 
the polycrystalline silicon film 5 can be maintained at 
better condition, and furthermore, the resistance of the 
gate electrode of the peripheral transistor 12 can be 

15 made sufficiently low. As a result, it is possible to 

manufacture an EEPROM having high reliability and capable 
of operating at high speed. 

It should also be noted that in this embodi- 
ment, the ONO film 6 formed in the peripheral circuit 

20 region is completely removed in the step of Fig. IF. 
Alternatively, the ONO film 6 fabricated in the 
peripheral circuit region may be partially removed so as 
to retain its portion disposed at a region where the 
peripheral transistor is formed. Also, in this case, 

25 since phosphorous which has been introduced by the vapor 
phase diffusion method is diffused into the polycrystal- 
line silicon film 5 through a portion where the ONO film 
6 was removed, the impurity concentration of the 
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polycrystalline silicon film 5 of the peripheral circuit 
region can be set to a relatively high concentration* 
Moreover, in this case, since the film structure of the 
memory cell transistor 11 in the longitudinal direction 
5 is substantially identical to the film structure of the 
peripheral transistor 12 in the longitudinal direction, 
the workability can be advantageously improved in the 
step of forming the floating gate by applying anisotropic 
etching to the polycrystalline silicon film 7, the 0N0 

10 film 6 and the polycrystalline silicon film 5. 

Also, in this embodiment, the description has 
been made of a case where an MOS transistor which is 
formed at the same time with the memory cell transistor 
11 is the MOS transistor 12 of the peripheral circuit 

15 region. Alternatively, this embodiment may be applied to 
such a case that, for instance, the selecting transistor 
selectively switching the memory cell -transistor 11 in 
the EEPROM is fabricated at the same, time with the memory 
cell transistor 11. Moreover, this embodiment may be 

20 applied not only to manufacturing of the EEPROM, but also 
any nonvolatile semiconductor memory device such as an 
EPROM in which each of the memory cell transistor and 
other transistors than the memory cell transistor uses a 
t:wo-layer polycrystalline silicon film structure. 

25 Next, a second embodiment of the present 

invention will be explained with reference to Figs. 3A 
and 3B. Fig. 3A shows a section of a portion including 
the gate electrode of a peripheral transistor in a step 
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of the method of manufacturing a semiconductor device 
according to the second embodiment of the present 
invention, i.e. a section along the line IIIA to IIIA' in 
Fig, 3B, which is a plan view of the region including the 
peripheral transistor in the second embodiment* 

In the second embodiment, substantially the 
same steps as those in the first embodiment as shown in 
Figs. 1A to IE are carried out. The second embodiment is 
different from the first embodiment in the step of 
Fig. IF. In the first embodiment, the 0N0 film disposed 
in the region where the peripheral transistor is formed 
has been removed in the step of Fig. IF. On the other 
hand, in the second embodiment, only a part of the 0N0 
film disposed in the element-isolation region where the 
field oxide film 2 is formed is removed, while unremoving 
a part of the 0N0 film disposed in the region 23 as shown 
in Fig. 3B including the active region 21 where the 
peripheral transistor is formed- by masking the region 23. 
Therefore, in the second embodiment, a part of the 0N0 
film disposed on the first polycrystalline silicon film 
of the peripheral transistor and at an area substantially 
above the active region is unremoved in the step corre- 
sponding to Fig. IF of the first embodiment. As a 
result, in the step of Fig. 1H where the impurity ions 
are introduced into the polycrystalline silicon film 7 , 
the impurity ions are not introduced into a portion 5a 
(Fig. 3B) of the polycrystalline silicon film 5 disposed 
on the active region so that the impurity concentration 
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of the portion 5a remains at a low level and its 
resistance remains at a high level. However, a portion 
5b of the polycrystalline silicon film 5 disposed over 
the field oxide film 5 and serving as a wiring of the 
5 gate electrode has substantially the same impurity 

concentration as that of the polycrystalline silicon film 
7 , resulting in a low resistance of the portion 5b, which 
is effective to prevent the delay in operation of its 
circuit. Further, due to the same reason as that in the 

10 case of the tunnel oxide. 

Incidentally, in Fig, 3B, 19 indicates the 
source/drain region of a peripheral transistor, 24 or 25 
indicates a contact hole for connecting the source/drain 
region to a wiring layer (not shown) and 22 indicates a 

15 contact hole for connecting the gate electrode of the 
peripheral transistor to a wiring layer (not shown). 

As previously described, according to the 
present invention, since the impurity is introduced at a 
relatively low concentration into the first polycrystal- 

20 line silicon film by ion-implantation and also the 

insulating film containing the silicon nitride film is 
left on the polycrystalline silicon film in the memory 
cell region , when phosphorous is introduced at a 
relatively high concentration into the second poly- 

25 crystalline silicon film by way of the thermal diffusion 
method, the silicon nitride film functions as a stopper 
for diffusion of the impurity. As a consequence, the 
impurity concentration of the first polycrystalline 
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silicon film of the memory cell region can be maintained 
at a relatively low level, and further the impurity 
concentration of the first polycrystalline silicon film 
of the peripheral transistor can be set to a relatively 
high level. 

As a result, the boundary between the tunnel 
oxide film (first insulating film) of the memory cell 
transistor formed in the memory cell region and the first 
polycrystalline silicon film can be maintained at better 
condition, and furthermore, the resistance of the gate 
electrode wiring of the MOS transistor formed in the 
peripheral region can be made sufficiently low. As a 
result , it is possible to manufacture a nonvolatile 
semiconductor memory device having high reliability and 
capable of operating at high speed. 



